Significantly poorer male reproductive health has been documented in Danish compared to Finnish men, including a higher prevalence of cryptorchidism and hypospadias. Exposure to environmental pollutants with endocrine disrupting activities has been suggested as a possible contributing factor. In this study, we investigated whether there was a difference in milk and placenta concentrations of persistent organohalogen compounds between the two countries. Organohalogens were analyzed by high-resolution gas chromatography-high resolution mass spectrometry in human milk samples from Finland (n=65) and Denmark (n=65) and placentas (n=168 Danish, 112 Finnish), selected from a population-based cohort. p, p'-DDE was the dominant pollutant. β-HCH, HCB, END-I, dieldrin, OXC, c-HE, and p, p'-DDT were the other main organochlorines detected. Danish samples had significantly higher concentrations of p, p'-DDE, p, p'-DDT, β-HCH, HCB, dieldrin, c-HE, and OXC than Finnish. The organochlorine levels were higher in Danish samples, which suggests higher exposure of Danish infants.
Introduction
Danish men have a higher prevalence of testicular cancer and poor semen quality compared to Finnish men [1, 2] , and there is a higher prevalence of cryptorchidism and hypospadias among Danish newborn boys compared to Finnish [3] [4] [5] . It has been speculated that these differences between Denmark and Finland may be due to differences in exposures to environmental endocrine disrupting chemicals, especially during sensitive periods of development.
In this study we evaluated the exposure of Danish and Finnish infants to the organochlorine compounds PeCB, HCB, HCH (α-, β-, γ-, δ-, ε-), DDT-related compounds ( 
p, p'-DDT, o, p'-DDT, p, p'-DDD, o, p'-DDD, p, p'-DDE and o, p'-DDE)
, OCS, PCA, aldrin, dieldrin, c-CHL and t-CHL, heptachlor, OXC, c-HE, t-HE, methoxychlor (MOC), mirex and END-I by analysing the concentrations of these chemicals in placenta and human milk samples from a prospective birth cohort study. The levels of these compounds in the Finnish placentas have been discussed elsewhere [6] . In addition to looking for geographical differences in the concentrations of these contaminants, we also explored some maternal factors, which have been suggested may affect the prenatal (placenta levels as a proxy) and postnatal (breast milk levels as a proxy) contamination of children.
Method
Placentas and breast milk samples were derived from a joint prospective, longitudinal birth cohort study in an urban setting in Finland (Turku University Hospital) and Denmark (the University Hospital of Copenhagen) from 1997 to 2001. This study aimed to describe regional prevalence rates and risk factors (lifestyle and exposure) for cryptorchidism by means of questionnaires and biological samples. Recruitment, participation rate, and clinical examination techniques in both countries were completely standardised and described previously [4] .
From the total biobank 65 milk samples from each country were included for organohalogen measurements. In Denmark all controls were selected randomly from the entire birth cohort of healthy boys. In Finland the boys were selected prospectively by a case-control design, in which the boys with cryptorchidism were matched to controls at birth for maternal parity, smoking (yes/no), diabetes (yes/no), gestational age (± 7 days) and date of birth (± 14 days). This design was chosen in Finland due to lack of sufficient funding to collect and store biological samples from all. If no matched control milk sample was available a sample from another Finnish control mother was used. Placentas were selected from 112 Finnish mother-child pairs (n=56 boys with cryptorchidism at birth, n=56 controls) and from 168 Danish (n=39 with cryptorchidism, n=126 controls, n=3 boys were first seen at three months of age and were healthy). Funding for placenta analysis allowed including more samples from Danish healthy controls. 86 mother-child pairs (43 Danish and 43 Finnish) were included in with both milk and placenta samples.
The sample preparation, extraction, cleanup, and high-resolution gas chromatography-high resolution mass spectrometry (HRGC-HRMS) analyses for organohalogen and chiral compounds of the Danish and Finnish samples were carried out in the same laboratory. Briefly, Na 2 SO 4 (VWR international GmbH, Germany), sea sand (Riedel-de Haen, Germany), alumina B (ICN Biomedical GmbH, Germany), florisil and silica gel (Promochem, UK) were heated at 650°C for at least 6 hours before use. Wet samples (10 g placenta tissue or 10 ml milk) were weighed (to a precision of two decimals) and homogenized with 30 g Na 2 SO 4 and 15 g sea sand. Extraction was done in a glass column packed with the homogenized matrix and spiked with 13 C internal standards. The extraction solvent was 250 ml acetone and n-hexane (2:1 v/v). The extracts were collected in flasks weighed in advance and evaporated using a rotary vacuum evaporator (water bath at 45 ºC). After evaporation, the flasks were placed into a desiccator, until stable weight was achieved. Then the lipid content was calculated on wet weight basis (to a precision of 4 decimals). The lipophilic residual was redissolved in toluene and the clean up was done in gel permeation chromatography (Bio-Beads S-8 column with toluene eluent at 2 ml/min flow rate) and then in a glass cartridge (packed with alumina B 0.8 g, Na 2 SO 4 0.3 g, florisil 0.5 g, silica gel 1 g, and Na 2 SO 4 0.5g from bottom to top). Finally, the sample was condensed to about 10 µl and 10 µl 1,2,3,4-tetrachlorodibenzo-pdioxin was added as a recovery standard.
The organochlorine compounds were measured by HRGC-HRMS quantified by an isotope dilution method. HP5890 high-resolution gas chromatography equipped with 60 m DB-XLB column (0.25 mm internal diameter 0.25 µm film) was used to separate organochlorines. MAT95 high-resolution mass spectrometer was used to detect organochlorines. Three times noise was used as criteria of limit of detection for all data. All other organohalogens were calculated by isotope dilution method.
Result
There were significant differences between Danish and Finnish mothers in age, parity and smoking habits, with Danish mothers being slightly older, more likely to have a first pregnancy, and more likely to be smoking than Finnish mothers. The BMI of the mothers, the duration of the pregnancy, and the birth weight of the child did not differ between the Danish and Finnish subjects (see Table 1 ).
Heptachlor, aldrin, ε-HCH, endosulfan II and t-HE were undetectable in most samples (see Table 2 ). Most of the other organochlorines were detectable in all samples from both countries. There was no difference between the two countries with respect to the percentage of samples with concentrations above the detection limit for the individual chemicals. p, p'-DDE, HCB, β-HCH, dieldrin, p, p'-DDT, END-I, OXC and c-HE were the eight major pollutants detected (together they accounted for 89%, 95%, 98% and 98% of the total pesticide concentration in Finnish placenta, Danish placenta, Finnish milk and Danish milk, respectively). The unadjusted concentrations of these eight chemicals were higher in placentas and milk from Denmark than in samples from Finland. For p, p'-DDE, p, p'-DDT, β-HCH, HCB, dieldrin, c-HE, and OXC the levels remained significantly higher in Danish milk samples after adjustment for possible confounders (maternal age, parity, gestational length and date of birth) and for p, p'-DDE, p, p'-DDT, β-HCH, HCB, dieldrin, and c-HE the levels remained significantly higher in Danish placenta samples after adjustment.
In a multiple linear regression analysis, lipid concentration, maternal smoking, and maternal BMI did not show any significant correlation to the organochlorine concentrations in milk, whereas maternal age was positively associated and length of pregnancy, infant date of birth, and parity were negatively associated with the concentrations of these eight compounds in milk. Placenta levels of these eight compounds were independent of maternal smoking, but positively associated to maternal age and negatively associated to infant date of birth, and parity. HCB concentration was positively associated with gestational age in placenta. HCB, c-HE, and dieldrin levels in placenta were positively associated with maternal BMI, whereas END-I levels were negatively associated with maternal BMI.
Conclusion
Our study revealed significant geographical differences in the levels of organochlorine compounds in human placenta and milk samples between two Nordic countries. Danish samples had higher concentrations than Finnish for most compounds. This country difference remained highly significant after adjustment for possible confounders. The findings suggest that despite close vicinity and comparable life styles, exposure may differ significantly between regions. The levels of p,p'-DDE, p,p'-DDT, and HCB in human milk from Sweden, another Nordic country located between Denmark and Finland, have For Finnish placenta data see also our previous report [6] . c Number of samples > LOD.
been reported [7] . The levels reported in the Swedish human milk samples (collected in 1997) were comparable to the levels we observed in the Danish milk (collected between 1997-2001).
Several factors, e.g. maternal age, parity, and length of previous lactation have been reported to affect the exposure of the infant [8] . In our study, pollutant levels in human milk and placenta decreased with increasing parity for the majority of the eight most prevalent compounds. This provides additional evidence that previous deliveries and lactation contribute to the clearance of persistent pollutants from the mothers' fatty stores. The concentration of the most prevalent pollutants in milk and placenta were positively correlated to maternal age, which may reflect differences in exposure through dietary habits, metabolism and bioaccumulating properties [9] [10] [11] .
It has been reported that the clearance rates for DDT, DDE, dieldrin and HCB were -0.162, -0.113, -0.117 and -0.118 per year, respectively [7] . We also observed that the levels of many of the measured pollutants were negatively correlated to the date of infant delivery. This finding of slightly decreasing levels of OCs during the brief study period is in line with other reports [12, 13] .
The correlations between maternal BMI and pollutant levels were not consistent and it remains to be determined whether these associations with maternal BMI are genuine or chance findings due to mass significance.
The observed significant negative correlation of gestational age with the concentrations of c-HE, END-I, and dieldrin in milk samples suggests that a shorter gestational period may lead to a higher mobilization of chemicals stored in maternal fat tissue during breastfeeding instead of during the third trimester during which fetal fat accumulation is greatest. For placenta samples gestational age was only significantly and positively associated with HCB. We suggest that in parallel to the rapid increase of fetal fat stores from around gestational week 20, more pollutants may be released from the mother's adipose depots and transferred to the fetus via placental regulation of fatty acid delivery [14] . Infants born preterm may be less exposed than mature babies to persistent compounds during pregnancy, but then their exposure during breastfeeding may be higher. Thus, the overall exposure appears to be predominantly related to the prenatal maternal body burden. These results should, however, be interpreted with caution as only one of the eight most abundant compounds in placenta correlated with gestational age and thus may also be a chance finding.
The fatty acid composition in placenta is determined by the fatty acid content of maternal liver and plasma [15] . The negative correlation between gestational age and placenta lipid concentration found in our study may be the result of the exponentially increasing fatty acid delivery to the fetus from week 20, which decreases the storage of lipid between the microvillous membrane and the basal membrane of the placenta [14] .
In conclusion, multiple factors contribute to the concentrations of chemicals in milk and placenta and thus likely also the pre-and postnatal exposure of infants to persistent organochlorines stored in maternal fat. Our study confirms that maternal age is positively and parity negatively correlated with concentrations of persistent organochlorines. In addition, in this bi-national Nordic study we found a significant country difference. This indicates that environmental and lifestyle differences between these two countries exist, which lead to a higher exposure of the Danish population. Recently, an association between congenital cryptorchidism and the combined exposure to the eight most common organochlorines in human milk was indicated [16] . The observed country difference in exposure levels may have been affected by the selection of samples from cryptorchid and healthy boys for this study. The prevalence of cryptorchidism in this subsample is not representative of the true population prevalence [4] , neither is the distribution exactly 50:50. However, the exposure difference for organochlorines may play a role for the higher prevalence of male reproductive problems such as testicular cancer, decreased sperm count, and cryptorchidism in Denmark as compared to Finland. For more detailed information and possible citation of this report please see Hum. Reprod., 2008, 23, 201-210. 
